ABSTRACT. The beluga whale (Delphinapterus leucas) and the bowhead whale (Balaena mysticetus) are seasonal migrants to Canada's Western Arctic, occupying summer range in the southeastern Beaufort Sea and Amundsen Gulf within the Inuvialuit Settlement Region (ISR). These whales also travel through United States (Alaskan) and Russian offshore waters, which include migration routes and overwintering areas for both species. The beluga has for centuries been an important food resource of the aboriginal people of the Mackenzie Delta. From 1990 to 1999, the annual subsistence harvest of beluga in the ISR averaged 111, while only two bowheads were landed during this same period. The minimum size of the Eastern Beaufort Sea beluga stock has been estimated at 32 453 whales. The total annual removal of beluga by subsistence hunters from the ISR and Alaska is estimated at 189 whales, which is less than 0.6% of the minimum estimate of stock size. This level of harvest is sustainable. Between 1848 and 1921, commercial whalers decimated the Bering Sea population of bowhead whales. The size of the population, based on 1993 data, is estimated at 8200 (95% estimation interval of 7200 -9400), constituting more than 90% of the world's remaining bowheads. This population increased at a rate of 3.2% from 1978 to 1993, while sustaining a harvest of about 0.6% per year. To ensure the continued well-being of these whales and their habitats, it is recommended that existing monitoring programs, commitments, and co-management partnerships be nurtured and maintained.
INTRODUCTION
Two species of cetacea, the beluga whale (Delphinapterus leucas) and the bowhead whale (Balaena mysticetus), are seasonal migrants to the southeastern Beaufort Sea and Amundsen Gulf, both within the Inuvialuit Settlement Region (ISR) in Canada's Western Arctic (INAC, 1984) . Beluga whales that range through this region are known as the Beaufort Sea stock (Hill and DeMaster, 1999) , or, as referred to here, the Eastern Beaufort Sea stock (Hazard, 1988) . Bowhead whales that occur in the southeastern Beaufort Sea belong to a stock known as the Bering Sea stock , the Western Arctic population (Hill and DeMaster, 1999) , or the Bering-Chukchi-Beaufort Seas Stock (e.g., Zeh et al., 1991) . The term "Bering Sea stock" is used here.
The Bering Sea bowhead population and the Eastern Beaufort Sea beluga stock spend part of their annual cycle in Alaska and Russia, as well as in Canada, where they summer in open-water habitat in the southeastern Beaufort Sea and Amundsen Gulf (Fig. 1 ).
There are extralimital records for three other species of cetacea as well: gray whales (Eschrichtius robustus), observed in offshore waters by researchers studying the bowhead whale (Rugh and Fraker, 1981; Wartzok, 1990; Richardson, 1999) ; killer whales (Orcinus orca); and narwhals (Monodon monoceros). Beluga hunters in the nearshore areas (Billy Day, pers. comm. 1999 ) have observed these latter two species, but only rarely. The existence of an Inuvialuktun word (aarlu) for killer whale (Lowe, 1984a, b) indicates that the people of the Mackenzie Delta and Beaufort Sea knew of this species. Although no sightings of killer whales have been confirmed in recent times, there was one report in 1957 of a killer whale in Kugmallit Bay, and the hunters linked this to the fact that beluga did not enter the Bay in that year (Billy Day, pers. comm. 1999) . Killer whales have been recorded for the Alaskan Beaufort Sea (Leatherwood et al., 1986; Lowry et al., 1987a) and from the Point Barrow area (George et al., 1994) .
There have been no recent records of narwhal in the region, although one beluga landed off Tuktoyaktuk in October 1991 had the tip of a narwhal tusk embedded in its melon (Orr and Harwood, 1998) . Earlier, a narwhal skull, complete with tusk, had been found in Prince Albert Sound on western Victoria Island (Smith, 1977) .
Beluga Whale
The beluga whale or white whale, known by the Inuvialuit as qilalugaq (Lowe, 1984b) , is an odontocete or toothed whale (Stewart and Stewart, 1989) . It lacks a dorsal fin, is found throughout the Arctic, and is the most common cetacean species in the Beaufort Sea.
Newborn calves measure 1.5 m in length, weighing 50 -80 kg at birth. Belugas are called white whales because they lose all the pigmentation in their skin and become almost pure white between seven and nine years of age. Adult female belugas harvested from the nearshore Beaufort Sea average 3.8 m in length, and adult males average 4.3 m (Harwood et al., 2002) . Data from other stocks indicate that female belugas are sexually mature between four and seven years of age, while males mature at six to seven years (Heide-Jørgensen and Teilman, 1994) . Belugas live to be 35 -40 years of age, although individuals older than this have been found in the Eastern Beaufort Sea stock (DFO, 2000) .
Natural mortality can result from predation by polar bears (Freeman, 1968; Heyland and Hay, 1976; Lowry et al., 1987b; Smith and Sjare, 1990; Rugh and Shelden, 1993) or killer whales (Sergeant and Brodie, 1969; Burns and Seaman, 1985; Byers and Roberts, 1995) , ice entrapments (Freeman, 1968) , and disease (Young, 1994 ; O. Nielsen, DFO, pers. comm. 2000).
The stock of beluga that ranges to the Beaufort Sea is one of at least seven in Canadian waters (Breton and Smith, 1990) and is one of Canada's largest stocks of beluga. Much progress has been made using both mitochondrial and nuclear DNA markers to identify the many stocks of beluga inhabiting the North American Arctic (Helbig et al., 1989; Brown, 1996; Brennin et al., 1997; Brown-Gladden et al., 1997 , 1999 O'Corry-Crowe and Lowry, 1997; . These studies have shown that genetic differences exist between Eastern Beaufort Sea beluga and other stocks in Canada's eastern Arctic (Brown, 1996) , and between the other beluga stocks found in Alaska (Lowry et al., 1988; O'Corry-Crowe and Lowry, 1997; .
The beluga whale is a highly vocal species, with a welldeveloped capability for echolocation (Turl, 1990) . Belugas are well known for their habit of aggregating in nearshore habitats and estuaries during the summer months . The reasons why belugas come into estuaries were not well understood until recently. Earlier theories included a thermal advantage for calves and food availability . More recently, it has been shown that the occupation of the warm, less saline waters of an estuary is related to the annual moult and is connected with significant hormonal changes correlated with new skin growth . Although the muddy water of the Mackenzie River precludes direct observation of subsurface behaviour, in other areas of the Arctic belugas have been observed actively rubbing their skin on the seafloor. This removes the old dead skin and accelerates the moulting process .
Bowhead Whale
The bowhead whale is a mysticete, or baleen whale, mostly black in colour, with white markings on chin and flukes. The white markings are often associated with maturity but are not a certain indicator of it. Bowheads are known to the coastal Inuvialuit as arviq (Lowe, 1984a) .
Female bowhead whales mature when they reach 12.5 -14 m in length , at 17 to 20 years (Schell and Saupe, 1993) or older (Zeh et al., 1993; George et al., 1999) . They calve once every three to five years Rugh et al., 1992) , and have a low reproductive capacity (Nerini et al., 1984) . Since 1981, six stone harpoon blades have been found in five bowhead whales taken in Alaska. These were of the variety used in the 19th century, attesting to the advanced age of these individual whales (Weintraub, 1996) . These findings, along with aspartic acid racemization analyses on eye lenses of harvested whales, suggest that the longevity of bowheads may exceed 100 years (George et al., 1999) .
Bowheads of the Bering Sea population winter in the Bering Sea and range to the Beaufort Sea and Amundsen Gulf in summer. They are one of three bowhead whale stocks that summer in Canadian waters, the others being the Foxe Basin/Northern Hudson Bay stock and the Baffin Bay stock. The Bering Sea population constitutes more than 90% of the world's remaining bowhead whales (Marine Mammal Commission, 1999) . Bowhead whales are preyed upon by killer whales (George et al., 1994) and have long been harvested by the Inuit as a source of food (Stoker and Krupnik, 1993) . The present harvest of bowhead whales in Alaska and Russia is regulated according to a block quota set by the International Whaling Commission (IWC) and administered by the Alaska Eskimo Whaling Commission (AEWC) (Marine Mammal Commission, 1999) .
Of the three stocks of bowhead whales in Canada, the Bering Sea stock has been the most studied (Burns, 1993) . Recent genetic research, based on a small number of samples from biopsy darts, suggests that Davis Strait bowhead whales differ from those found in Foxe Basin and Northern Hudson Bay, which are actually more closely related to the Bering Sea population (Leduc et al., 1998; Maiers et al., 1999) . Rooney et al. (1999) found no evidence of genetic differentiation among bowheads of the Bering Sea population.
HISTORY OF USE

Pre-Commercial Whaling
Aboriginal people from Siberia are thought to have hunted marine mammals, including the bowhead, as far back as 2500 years ago (Bockstoce, 1986) . One thousand years ago, they crossed the Bering Strait to what is now northern Alaska, northern Canada, and Greenland. In coastal areas between the Baillie Islands and Herschel Island, McGhee (1988) estimates there were 2000 -4000 aboriginal people living in five distinct groupings. This human population was thought to be greater than the combined population in all areas of the Eastern Canadian Arctic at that time. Beluga whale hunting was particularly important to the people of two of the groupings. These people inhabited the Mackenzie Delta and were called the Kupugmiut (300-400 people) and the Kittegaryumiut (800-1200 people). They shared a common whaling ground in Kugmallit Bay in the summer and likely lived as separate groups during the winter months (McGhee, 1988) . The number of belugas landed may have been on the order of about 150 per year (Nuligak, 1966) . At times, the harvests were considerably higher. Nuligak (1966) recalls there being about 200 hunters and that on one occasion, he heard that as many as 300 belugas had been taken on a single day. Friesen and Arnold (1995) describe the relative importance of belugas to the Kupugmuit. They report that beluga made up approximately half of their diet for half of each year.
One aboriginal grouping to the west of the Mackenzie Delta (the Kigirktarugmiut in the Yukon coastal area) and two to the east (the Avvagmiut in the Cape Bathurst and Anderson River areas and the Nuvorugmiut in the Atkinson Point area) are thought to have hunted mainly bowhead whales. McGhee (1988) estimates the combined take at two to three bowheads per year for the latter two groups, but does not estimate the harvest size for the group to the west of the Mackenzie Delta.
During and After Commercial Whaling
The first American whaling ship sailed through the Bering Strait in 1848, and by 1850, 200 ships were operating in the Beaufort Sea area and took an estimated 1700 bowhead whales in that year alone (Bockstoce, 1986) . The whaling operations gradually expanded eastward, reaching Barter Island by 1886, Canadian waters by 1888, and Herschel Island by 1889. During the winter of 1894 -95, the crews of 15 whaling ships spent the winter at Herschel Island. The price of whalebone collapsed in 1907, and the last bowhead whale taken by a commercial whaling ship in Canadian waters was taken in 1921. Between 1849 and 1914, the commercial whalers were estimated to have killed 18 684 bowhead whales (Bockstoce, 1986) . Assuming the stock numbered 3000 at the cessation of commercial whaling, the size of the Bering Sea bowhead population before commercial whaling began has been estimated at 10 400 to 23 000 (Woodby and Botkin, 1993) .
Disease and alcohol decimated the human population during the period of commercial whaling. At its lowest point in 1910, the human population, from Demarcation to the Baillie Islands, likely numbered 260 (Usher, 1971) . A wave of immigrants arrived from Alaska between 1913 and 1923, and by the early 1920s, the human population was about 400. There appears to have been little subsistence whaling for the bowhead during or after the commercial whaling era (Reeves and Mitchell, 1985) . The last bowhead whale landed by the ancestors of the Inuvialuit in Canada's Western Arctic was taken in 1926 at the Baillie Islands ( Fig. 1 ; Billy Day, pers. comm. 1999).
In the early 20th century, subsistence harvesting of belugas continued, but the size of the take was not well documented. Local knowledge suggests the take was higher than in the present day, in part because of the need to feed dog teams. In the 1920s and 1930s, whaling was carried out from "whale boats" or jolly boats, the small clinkerbuilt craft left behind from the whaling ships. By the 1940s and 1950s, beluga whaling was done mainly from 10 -12 m gasoline-or diesel-powered schooners (Billy Day, pers. comm. 1999 ).
PRESENT-DAY HUNTING
Beluga Whale
Present-day hunters and their families from Inuvik, Aklavik, and Tuktoyaktuk, Northwest Territories, Canada, travel to traditional whaling camps along the Beaufort Sea coast each summer (Fig. 2) . The beluga whale hunt is usually conducted during the month of July, while the belugas are aggregated in the warm waters of the Mackenzie River estuary, and lasts for four to six weeks Norton and Harwood, 1986) .
The Inuvialuit of Holman and Paulatuk, Northwest Territories ( Fig. 1 ) also have a history of hunting the beluga whale. This hunt takes place when the belugas travel close to shore near these communities, after they have left the Mackenzie Estuary, usually in late July and August (Norton and Harwood, 1985; Richard et al., 1997) .
RCMP G Division data, summarized in Smith and Taylor (1977) , indicate that 210 beluga were taken in the Mackenzie Delta in 1954. Few records are available from that time through to 1961, but Strong (1989) reported the average takes from 1961 to 1966 to be 160 belugas annually. The combined landed harvest of beluga whales from the shores of the Beaufort Sea and Amundsen Gulf averaged 134 from 1970 to 1979 , 124 from 1980 , and 111 from 1990 to 1999 (Harwood et al., 2002 .
Hunts today are commonly carried out from 4.6 m long aluminum boats, using fewer hunters than in the past. Often only one or a few boats work together in a beluga harvest. It is common practice to harpoon a whale before killing it, so that retrieval is easier (DFO, 2000) . Inuvialuit beluga hunters have used nets successfully in the past and continue to do so occasionally in the present; however, the nets must be tended continuously. In each community of the ISR, the Hunters and Trappers Committee has developed by-laws for beluga hunting and guidelines for touristic whale watching (FJMC, 1998) .
Beluga of the Eastern Beaufort Sea stock are also harvested during their migrations to and from the eastern Beaufort Sea by residents of some coastal villages in Alaska (Diomede, Kotzebue, Kivalina, Point Hope, Wainwright, Point Barrow, and Kaktovik) (Lowry et al., 1988) . The average take of beluga (including losses) from these Alaskan villages was 64 per year (range 42 -117 whales per year) between 1995 and 2000 (Suydam and Frost, 2001) . The Alaska Beluga Whale Committee (Adams et al., 1993) has been facilitating the collection of these harvest statistics in recent years.
Chukotka residents may also take beluga from this stock, but the size and origin of this take has not been documented (Klumov, 1939) . Harvests in Russian waters since 1990 have been low, probably not exceeding 20 -30 animals per year (Belikov, 1999) . The stock(s) from which these harvested animals came has not been determined. Future work is proposed to address this aspect (Huntington, 2001) .
Hunter-based beluga monitoring programs, in place in the Mackenzie Delta since 1973 and in the Paulatuk, Northwest Territories, area since 1989, have collected data on the number of beluga whales harvested and on the efficiency of the hunt (Hunt, 1979; Norton and Harwood, 1986; Strong, 1990; Weaver, 1991; Harwood et al., 2002) . Between 1980 and 1999, data on the size (n = 1953), sex (n = 2163), and age (n = 383) of the landed whales have also been collected from both the Mackenzie and Paulatuk harvests. The harvest consisted of 2.3 males to each female in the Mackenzie, and 3.7 males to each female in the Paulatuk area.
Assuming that a growth layer group (GLG) consists of two dentinal annuli, one dark and one light, deposited in the teeth in one year (Perrin and Myrick, 1980) , the median ages of belugas taken in the Mackenzie harvests were 23.5 years (47 GLG) for females (n = 80) and 24 years (48 GLG) for males (n = 286). More than 92% of the aged sample from the harvest consisted of whales estimated to be 10 years and older (≥ 20 GLG).
The Fisheries Joint Management Committee (FJMC) was established in 1986 in accordance with the terms of the Inuvialuit Final Agreement (INAC, 1984) , to advise the Minister of Fisheries and Oceans on fish, fish habitats, and fish usage in the ISR. Together with the FJMC, beluga hunters of the ISR have been active participants in the delivery of the annual Beluga Monitoring Program.
As well, the hunters have worked with the FJMC to prepare and implement the Beaufort Sea Beluga Management Plan (FJMC, 1998) , which includes guidelines for tourism operators in the region, community-specific bylaws to govern beluga hunting, and guidelines for protection of beluga habitat according to beluga management zones. The Department of Fisheries and Oceans (DFO), under the Oceans Act and with the support of the FJMC and other Inuvialuit organizations, is undertaking research and consultation activities that will possibly lead to the designation of this habitat as a Marine Protected Area under the Oceans Act. This designation would support the Beaufort Sea Beluga Management Plan, and part of the DFO's larger Beaufort Sea Integrated Management Initiative (BSIMPI) for the western Canadian Arctic (Fast et al., 1998 (Fast et al., , 2001 .
Bowhead Whale
The Inuvialuit of the Western Arctic have long been interested in re-establishing their tradition and, with recent land-claim legislation, their right to harvest the bowhead whale from the nearshore Beaufort Sea. An internal government report dated 1963 is the first written record of the people's interest in resuming bowhead whale hunting (Freeman et al., 1992) . In 1965, the Department of Northern Affairs and Natural Resources issued licenses to the communities of Aklavik, Tuktoyaktuk, and Sachs Harbour to take one bowhead whale each. No bowheads were harvested under these licenses. Other attempts by residents of Aklavik to resume bowhead hunting took place in 1969, 1975, and 1979 , but no hunting took place (chronology and documents are presented in Freeman et al., 1992) .
In 1988, the Aklavik Hunters and Trappers Committee (HTC) prepared a formal proposal for a license to land one, or strike two, bowhead whales from the waters off Shingle Point, Yukon (Freeman et al., 1992) . After a lengthy consultative and review process, the DFO issued the license to the Aklavik HTC in 1991, and one subadult male bowhead whale (11.1 m long) was landed at Shingle Point on 3 September of that year (Fig. 1) .
Licenses were requested and issued annually from 1991 through 1996, and a second whale, also a subadult male (11.2 m), was landed by the Aklavik HTC at Shingle Point on 24 July 1996. With DFO officials on site, the whale was killed within 45 minutes of being struck, using shoulder guns and explosives, equipment that was used in the commercial whaling era. No further licenses have been requested by (or issued to) the Aklavik HTC since 1996.
DISTRIBUTION, MOVEMENTS AND FEEDING
Beluga Whale
Beaufort Sea belugas leave their Bering Sea wintering areas in early spring and migrate eastward past Point Barrow and through the Alaskan Beaufort during April and May . They are thought to move to the southeastern Beaufort Sea through leads far offshore, arriving off the west coast of Banks Island in late May and early June . When they arrive in the southern Beaufort Sea, usually during early June, they are known to move in a southwestward direction along the landfast ice edge off the Tuktoyaktuk Peninsula (Norton and Harwood, 1986) . When the landfast ice barrier that spans the outer Mackenzie Estuary breaks in late June or early July, the belugas then move into the main bays (Kugmallit Bay, East and West Mackenzie Bays, and Shallow Bay), where they aggregate for much of the month of July ( Fig. 2 ; Norton and Harwood, 1986) . The number of belugas in the Mackenzie Estuary generally peaks in early July and begins to decline by mid-July. By early August, few belugas remain.
At the same time that the belugas are aggregated in the Mackenzie Estuary, others are widely distributed throughout the offshore Beaufort Sea and in Amundsen Gulf (Norton and Harwood, 1985) . In offshore areas, belugas were found to be widely distributed as individuals or in small groups (i.e., two surfaced whales). The whales frequently exhibit directional movement, and whales in groups often dive in a synchronous pattern (Harwood et al., 1996) . Belugas feed on a wide variety of prey species, including squid , fish (Seaman et al., 1982) , and invertebrates (Vladikov, 1947; Kleinenberg et al., 1969) . Belugas harvested in nearshore areas of the Mackenzie River estuary had Arctic cisco (Coregonus autumnalis), burbot (Lota lota), and whitefish (Coregonus spp.) in their stomachs (B. Day, pers. comm, 1999; L. Harwood, pers. obs. 2000) . They probably also feed on other available prey species, including Pacific herring (Clupea pallasi), least cisco (Coregonus sardinella), rainbow smelt (Osmerus mordax), and inconnu (Stenodus leucichthys nelma).
In the Mackenzie estuary, belugas landed in the subsistence hunt invariably have empty stomachs, but this is thought to be due to regurgitation during the chase (B. Day, pers. comm. 1989) . Residents of the coastal whaling camps have observed belugas feeding at the mouth of the river channel. However, during studies of other stocks in other estuaries, feeding has not been observed, and empty stomachs are common ).
Feeding appears to be an important activity of belugas while they are in the offshore. During aerial surveys, Norton and Harwood (1985) saw belugas making rapid, erratic movements in the lee of artificial islands and near the Baillie Islands, presumably feeding on schools of fish. One beluga landed off Tuft Point along the Tuktoyaktuk Peninsula had a stomach full of Arctic cisco (Coregonus autumnalis) (Orr and Harwood, 1998) .
A total of 30 satellite tags have been placed on belugas in the Mackenzie River estuary (4 in 1993, 16 in 1995, and 10 in 1997) (Richard et al., 1997 (Richard et al., , 2001 . Twelve adult males fitted with satellite tags, one in 1993 and 11 in 1995, made their way over 1000 km to distant Viscount Melville Sound. There they made repeated dives to the ocean floor, to depths exceeding 540 m. The other tagged whales moved directly into Amundsen Gulf from the Mackenzie, and all those that continued to transmit into September eventually moved westward.
The return migration to the Bering Sea begins in late August. This is indicated by a general decline in the relative abundance of belugas in the offshore aerial surveys in early September compared with late August (Harwood and Borstad, 1985; Norton and Harwood, 1985) , as well as by results from satellite telemetry studies (Richard et al., 2001 ) and aerial surveys conducted over the Beaufort Sea in Alaska . Using a variety of migration routes, varying from 100 -400 km offshore of northern Alaska, belugas tagged in 1997 moved west to the Wrangel Island area, where they converged and subsequently aggregated during the month of October. The longest-lasting tag (129 days) was attached to a 421 cm male, which went through the Bering Strait in late November 1997 just before signal transmission ceased (Richard et al., 2001) .
The exact locations of the wintering grounds in the Bering Sea are not known. Traditional knowledge gathered from Chukotka hunters and data provided by Russian scientists (Huntington, 1998; Melnikov et al., 1998) have revealed information about belugas seen off these shores in winter, although it is not known if they are from the Beaufort stock. Beaufort Sea belugas share the Bering Sea wintering areas with at least three other beluga stocks, from Bristol Bay, Norton Sound, and the eastern Chukchi Sea (Point Lay) (Lowry et al., 1988; .
In Alaskan waters, satellite telemetry studies of belugas tagged at Kasegaluk Lagoon in 1998 and 1999 have begun to describe the summer and autumn movements of belugas of the Eastern Chukchi Sea stock . Future work may include capture and tagging of belugas along the northern shores of the Chukotka Peninsula, or at Wrangel Island in Russia, to enable tracking through the winter period (Huntington, 2001 ). Such tracking is needed to determine the specific locations in the Bering Sea where overwintering takes place and to study other aspects, including behaviour on the wintering grounds.
Bowhead Whale
Bowhead whales of the Bering Sea population migrate eastward past Point Barrow in April and May (Clark and Johnson, 1984; George et al., 1989) . They are thought to move to the southeastern Beaufort Sea through offshore leads (Moore and Reeves, 1993) , arriving in the Canadian Beaufort Sea off the west coast of Banks Island by late May and early June .
From their arrival in late spring until the middle of August, bowhead whales are widely distributed throughout the offshore, singly or in small groups of 2 -3 surfaced animals (Davis et al., 1982; Harwood and Borstad, 1985) . By mid-August, oceanographic conditions tend to concentrate the bowhead whale's planktonic prey items (Thomson et al., 1986) . At this point, the bowhead whales aggregate in relatively few (perhaps four or five) specific areas on their summer range ( Fig. 3 ; Harwood, 1989) . Extensive aerial surveys conducted throughout the southeastern Beaufort Sea in August and September of 1980 -86 (for summary, see Richardson et al., 1987) revealed that the same areas are used in successive years, although not all areas are used in all years.
Bowhead whales feed on crustaceous zooplankton and must seek out areas where prey is adequately concentrated in order to meet their energy requirements (Lowry, 1993) . In the southeastern Beaufort Sea, 1985 and 1986 sampling of plankton in close proximity to feeding bowhead whales revealed predominantly (76 -92%) copepods (Limnocalanus macrurus, Calanus hyperboreus, Calanus glacialis), along with gammarid and hyperiid amphipods, euphausiids, and isopods (Bradstreet and Fissel, 1986, 1987) . Bowhead whales feeding near the interface of the Mackenzie River with the saline waters of the offshore Beaufort Sea were most likely feeding on dense aggregations of mysids (Mysis oculata) near the seafloor (Bradstreet and Fissel, 1986, 1987) .
Clearly, oceanographic features that lead to upwelling of nutrient-rich waters are important in determining zooplankton distribution (Harwood and Borstad, 1985) , which in turn appears to influence the distribution of bowhead whales. The major determinant of zooplankton distribution in the southeastern Beaufort Sea appears to be the Mackenzie River plume (Grainger, 1975; Thomson et al., 1986) , the nature and extent of which are determined by surface winds and currents.
The fall migration of bowhead whales starts in September, and they feed as they travel westward back to the Bering Sea. Bowhead whales have been seen feeding in Franklin Bay, off Cape Bathurst, and off the Tuktoyaktuk Peninsula in late September, and in Yukon coastal waters as late as 4 October 1986, while sea ice formed 30 km away in the Mackenzie estuary (Harwood and Borstad, 1985; Harwood, 1989) . Aerial surveys were conducted over the Alaskan Chukchi and Beaufort Seas during fall of 1982 -91 (Ljungblad et al., 1986; Moore and DeMaster, 1998; Moore, 2000; Moore et al., 2000) . Results were used to determine bowhead whale distribution and migration routes and later to examine habitats selected by the whales throughout Alaskan offshore waters (Moore, 2000) . This aerial survey program by the U.S. Minerals Management Service, Anchorage, Alaska, has continued annually since 1991, although the results have not yet been published.
Bowhead whale movements have recently been studied using satellite-linked telemetry Mate et al., 2000) . This is the first study to measure dive depth, dive duration, and time-at-depth in this species. This telemetry work also elucidated feeding areas and travel routes used by bowhead whales on their summer range and during fall migrations through Canadian, Alaskan, and Russian waters. Moore et al. (1995) found that the Chukotka coast may be an important feeding or staging area for bowheads during the month of October.
Current research suggests that the present-day distribution of the bowhead whale is different from what it was 10 000 years ago. Post-glacial remains of bowhead whales indicate several periods of expansion and contraction of the west-to-east range of bowhead whales over the past 10 500 years (Dyke et al., 1996) . From 10 500 to 8500 years ago, bowhead whales extended their range to the glacial ice margins, from the Beaufort Sea all the way into Baffin Bay. From 8500 to 5000 years ago, with cooler dry conditions, bowheads were excluded from most of the Central Arctic archipelago, but entered the area with warming conditions from 5000 to 3000 years ago (Dyke et al., 1996) . From 3000 years ago to the present, with cooler conditions, bowhead whales were again separated as western and eastern stocks. Recently initiated work in the Amundsen Gulf-Coronation Gulf areas, confirms that the bowhead population existed as far east as western and southern Victoria Island during the Holocene (10 200 -8800 years ago). Decreasing numbers of bowhead remains have been found as sampling has proceeded farther east (A. Dyke, Geological Survey of Canada, Ottawa, pers. comm. 1999) towards the Central Arctic channels, where the ice plug existed during the cooler periods.
STOCK STATUS
The latest aerial surveys (1992) give an index of stock abundance of 19 629 belugas (95% confidence interval 15 134 -24 125, Harwood et al., 1996) . These surveys did not sample the complete range of this stock, and a considerable but yet undetermined number of whales was underwater during the aerial counts. Using the Potential Biological Removal (PBR) guidelines described by Wade and Angliss (1997), Hill and DeMaster (1999) Suydam and Frost, 2001) , is estimated at 189 whales. This level of harvest is less than 0.6% of the minimum estimate of stock size and thus well below the 2.0 -3.85% rate of population increase expected for beluga stocks (Kingsley, 1996 (Kingsley, , 1998 Cosens et al., 1998 Cosens et al., , 1999 . The available biological data provide further evidence that this stock is not being overharvested (Cosens et al., 1998 Hill and DeMaster, 1999; DFO, 2000; Harwood et al., 2002) .
The most recent estimate of the size of the Bering Sea bowhead whale population, 8200 (with 95% estimation interval of 7200 -9400), was based on the acoustic and visual census done in spring 1993 (Raftery and Zeh, 1998) . The annual rate of increase has been estimated at 3.2%, with a 95% confidence interval of 1.4% to 5.1% (Raftery and Zeh, 1998) . The total number of bowheads struck in Alaska averaged 47 per year between 1988 and 1998 (Marine Mammal Commission, 1999) , equivalent to 0.6% of the 1993 estimate of stock size. The population is thought to be recovering and sustaining this take (Raftery and Zeh, 1998) .
The subsistence take of bowhead whales by Alaskan hunters is managed by the Alaska Eskimo Whaling Commission (AEWC), under a quota system administered by the International Whaling Commission (IWC). A fiveyear (1998) (1999) (2000) (2001) (2002) block quota of 280 bowhead whales has been set for Alaska and Chukotka: no more than 67 whales are to be struck in any given year, except that up to 15 unused strikes can be carried forward to the next year (Marine Mammal Commission, 1999) . This quota includes a new allowance of five bowhead whales for Chukotka hunters.
OTHER SOURCES OF MORTALITY
Disease
Emerging infectious diseases have been shown to have considerable negative impacts on populations of marine mammals (Young, 1994) . Influenza A virus strains (Hinshaw et al., 1984) and morbilliviruses (Lipscomb et al., 1994 ) not only cause sporadic mortality among individual cetaceans that become infected, but are also capable of causing widespread die-offs in susceptible populations of animals (Young, 1994) .
Bacterial pathogens such as Brucella, which rarely kill infected animals, can have significant effects on populations by interfering with and limiting reproductive success (Kennedy and Miller, 1993) . Evidence is accumulating that this may also be the case in marine mammals (Ewalt et al., 1994; Miller et al., 1999) . Serological evidence of Brucella infection has been found in belugas of the Beaufort Sea, where 1.8% (2 of 109) tested positive in 1995 and 1996, and 10% (3 of 30) tested positive in 2000 (O. Nielsen, DFO, unpubl. data). These results indicate that the Beaufort Sea belugas are enzootically infected with a strain of Brucella that may be causing illness, as well as having some direct effect on reproductive success in the infected animals.
O'Hara et al. (1998) found that serum from 21 of 36 bowhead whales harvested in Alaska tested positive for antibodies to at least one type of virus in the calicivirus, swine, and San Miguel sea lion virus families. However, the absence of any clear patterns of antibody prevalence led them to conclude that, at least at the present time, these are questions of academic interest, but probably not critical to the health of the bowhead whale population.
Ice Entrapment
In 1989, an estimated 125 belugas became entrapped in the Husky Lakes, Northwest Territories, following freezeup (Fig. 1 ). They were trapped in three separate locations in these lakes, unable to retrace their route to the ocean as the winter ice formed around them in October of that year. The situation repeated itself, although on a smaller scale, in 1996, when 21 belugas were found trapped in the ice of Husky Lakes. They maintained a single 4.7 m × 1.8 m breathing hole for approximately two months after freezeup before they were discovered by a hunter travelling through the area on a snowmachine. The trapped beluga were removed and sampled by the local Hunters and Trappers Committee representatives, with DFO staff on site. The 1989 entrapment consisted of three separate groups which were predominantly (> 80%) adult males, while the 1996 situation involved only one group that contained a mixture of adult males (> 430 cm), females with calves, unaccompanied females, and adolescents. Preliminary stock-specific data on calving interval and familial relationships were obtained through sampling of the trapped whales (L. Harwood, unpubl. data 1989 Harwood, unpubl. data , 1996 ; G. O'Corry-Crowe, U.S. National Marine Fisheries Service, La Jolla, California, unpubl. data 1997).
FUTURE RESEARCH: NEEDS AND OPPORTUNITIES
Beluga Whales
Of primary importance is the continuation of hunterbased sampling of harvested belugas through the wellestablished monitoring program in the Inuvialuit Settlement Region. Population parameters, including survivorship and reproductive rates, are stock-specific and essential for the proper management of any harvested stock. Opportunities for obtaining age-specific reproductive material, plus information on feeding, genetics, and body condition, along with other tissues for analysis of contaminant levels or disease, should never be missed.
Monitoring of population parameters and population health indices from cost-effective programs such as the FJMC monitoring program will continue to provide relevant information to managers faced with unpredictable future impacts on wildlife resources. For example, new research using contaminant profiles seems to be able to provide finer detail on stock identification needed to address some beluga management questions in the Eastern Arctic (Innes and Stern, 1999) .
Recent controversy regarding the interpretation of age by tooth analyses (Hohn and Lockyer, 1999) points to the importance of obtaining such samples, along with as much ancillary data as possible, from harvested whales (Suydam and DeMaster, 1999) . Seeing and recapturing a previously tagged whale in the Beaufort Sea beluga stock, and thus possibly obtaining a tooth of known age, would help solve some of the problems regarding age determination .
In other areas, beluga surveys have been flown in conjunction with satellite tagging efforts in order to obtain correction factors for animals missed because they were underwater during the aerial counts. Interpretation of diving data obtained during the Eastern Beaufort Sea beluga satellite-tagging programs (1993, 1995, and 1997) , in the context of producing at least a broad correction for the 1992 survey results, is considered possible, but still in the preliminary stages. Such corrected estimates are important even for stocks that are hunted at a low level, such as the Beaufort Sea beluga stock. In other areas of the Canadian Arctic, where it is suspected that some shared stocks are threatened by overharvesting, improved population estimates are urgent.
The identification of specific deepwater feeding areas used by Beaufort Sea belugas in Viscount Melville Sound (Richard et al., 1997 (Richard et al., , 2001 ) emphasizes the need for more research on feeding and energetics. Similar deepwater feeding areas have been identified for the Baffin Bay stock Smith, 1992, 1999; Martin et al., 1993 Martin et al., , 1998 .
These findings prompted a pilot study in Canada's High Arctic to evaluate the possibility of recapturing jettisonable tags or individual belugas to recover archival-type tags. These types of instrument packages can accumulate more detailed information on feeding, for example, by recording how many times and when a whale ingests food using a temperature sensor placed in the stomach (Andrews, 1998; T. Smith, unpubl. data 1999) . Two of the five whales tagged at Cunningham Inlet, Somerset Island, were recaptured after having spent a few weeks at sea, caught in a small bay on southwestern Prince of Wales Island. We judged that we could improve the recapture rates and that this approach would open the door to new areas of research on the feeding, behaviour, physiology, and bioenergetics of wild Arctic cetaceans. This technique may soon be feasible for use on Beaufort Sea belugas.
Bowhead Whales
Limited satellite-linked telemetry work has been done on bowhead whales , but much is still to be learned of their summer movements and feeding areas in the southeastern Beaufort Sea. Oceanographic features known to concentrate prey in the Beaufort Sea have started to be described (Bradstreet and Fissel, 1986, 1987) , but might be more fully discerned from some of the remote sensing data currently available.
Information on feeding and energy budgets can be obtained from sampling lipids, and by stable isotope analyses (Schell et al., 1989; Schell and Saupe, 1993) obtained from non-lethal biopsy samples. Genetic samples could be obtained at the same time. In the future, acoustic surveying techniques might prove useful in correcting bowhead population estimates for whales invisible from the surface during aerial surveys (Clark and Johnson, 1984) .
OUTLOOK
The future in cetacean research lies in investigating the oceanographic features that affect the productivity of the resources on which whales depend. Because of the logistical problems and high costs of doing physical and biological oceanography in an ice-filled ocean environment, traditional ship-based studies have been conducted on a limited scale and confined primarily to the summer open-water season. The extreme heterogeneity of planktonic organisms and the illusive nature of such keystone species as arctic cod, Boreogadus saida, have made the study of Arctic marine ecosystems very difficult. Few studies have attempted to evaluate the trophic dynamics of Arctic ecosystems (Welch et al., 1993; Stirling and Øritsland, 1995) . The rapidly developing technology being used to relay various parameters from instrumented cetacea via satellite, or from recoverable instrument packages, has created a new approach to studying previously inaccessible oceanic habitats.
Most Arctic marine mammal species have been captured and outfitted with some sort of acoustic or radiotelemetry device. Belugas and narwhals Smith, 1992, Martin et al., 1993; Heide-Jørgensen et al., 1998) and bowhead whales have been instrumented with satellite, VHF radio, or acoustic telemetry tags. Ringed seals (Phoca hispida) (Lydersen, 1991 , Tielman et al., 1999 ; bearded seals (Erignathus barbatus) (Kovacs, 1997) , hooded seals (Cystophora cristata), harp seals (Pagophilus groenlandicus) (M. Hammill, Institute Maurice Lamontagne, DFO, pers. comm. 1999) ; and walrus (Odobenus rosmarus rosmarus) (Born and Knutsen, 1992) have all been studied with this new technology. These efforts are producing a large amount of new information on seasonal movements and migration routes.
Another dimension of having tags on Arctic whales and seals is that they can reveal the location, depth, and seasonal changes in the prey on which the animals are feeding. Marine mammals, which have evolved over millions of years to function in ice-covered waters and to find their prey, can now be used as "educated" oceanographic sampling platforms (Smith, 2001 ).
The continued technological development of telemetry instrumentation, which soon will involve measurement of many oceanographic parameters coupled with video and acoustic recorders carried by whales and seals, will advance our knowledge of ocean ecology and lead to the possibility of accurate monitoring of marine productivity. It will take us far beyond the narrower study of individual marine mammal species ecology and the useful but quantitatively weaker "top-down" ecosystem studies of the present day.
A MODERN NORTHERN PERSPECTIVE
Belugas provide the Inuit with meat and muktuk, both highly regarded dietary items. For the Inuvialuit of the Western Canadian Arctic, belugas have been the primary cetacean dietary species for centuries (McGhee, 1988; Friesen and Arnold, 1995) . The Inuvialuit have conducted a self-regulated harvest of beluga whales from a large and healthy stock (Cosens et al., 1998 . They are active stewards of the resource through their Beluga Management Plan (FJMC, 1998) . They have been involved in the longest-running harvest monitoring study in the Arctic (Weaver, 1991; Harwood et al., 2002) . They are active collectors and preservers of traditional knowledge about the beluga (Byers and Roberts, 1995) . It would seem that the "house is in order" as far as the Eastern Beaufort Sea beluga stock and the Inuvialuit are concerned. However, the existing programs, commitments, and partnerships with government and co-management bodies must be nurtured and maintained to ensure the long-term wellbeing of the belugas and their habitats.
A similar situation exists with regard to the bowhead whale. Through extensive research in the Canadian and United States Beaufort Sea areas in the 1980s, as well as the efforts of the Alaska Eskimo Whaling Commission over the past two decades, the database for the Bering Sea bowhead population is huge in comparison to that for the world's other bowhead stocks (Burns, 1993) . One important aspect for the Inuvialuit will be the continued national recognition of their right to harvest the bowhead whale in the southern Beaufort Sea (Freeman et al., 1992) , subject only to conservation and human safety. The local skills and knowledge for hunting and processing the bowhead whale must be maintained and passed on to future generations, otherwise it will be lost with the passing of elders over time. Management agencies must plan for funds to ensure any whales that are landed are fully sampled and measured according to standard protocols.
Hunters, managers, and scientists alike must review their respective preparedness for renewal of oil and gas industry activities in the offshore and nearshore Beaufort Sea in the near future. Also of paramount interest is to identify specific areas of the Bering Sea where the beluga and bowhead overwinter, and in turn to protect these distant habitats from degradation. Finally, because the beluga and bowhead stocks are shared, it is important that the partner nations (Canada, the United States, and Russia) continue to exchange biological and harvest information and collaborate on research and management initiatives. The Inuvialuit-Inupiat Beluga Agreement (2000) called for the establishment of the Inuvialuit-Inupiat Beluga Commission. This group facilitates the exchange of harvest statistics, traditional knowledge, and research results; coordinates the planning and conduct of joint research projects; and directs the establishment of technical committees as required. This is an excellent example of how cooperation can occur between hunters in different nations that share the same resource. In the future, it is envisaged that Russian representatives will be participants in the agreement.
A greater effort must be made to promote co-management through the development of collaborative research and educational programs involving scientists and the resident users of Arctic renewable resources. The current emphasis on documentation of Traditional Ecological Knowledge (TEK), which seeks to involve northern indigenous peoples (Byers and Roberts, 1995; Fehr and Hurst, 1996; Huntington, 1998; Mymrin, 1999) , is laudable and should proceed as far as it can to define cultural philosophies and to contribute useful factual knowledge.
Aboriginal people and all northern residents must be equipped by relevant experiences gained through education and direct participation in the actual scientific and management programs related to the protection of their resources. To advance this process, small regional laboratories or research centres could be created. Government could encourage such an initiative as a means of developing the local economy and capacity. The day-to-day processing of biological materials, the detailed analyses of stomach contents, and the preservation and archiving of materials and data from harvested animals are tasks that would lend themselves well to such an enterprise in the Arctic. Such centres would also provide opportunities for some northern students in technical and university programs to obtain pertinent on-the-job training in their own or neighbouring communities.
A significant number of Inuvialuit have participated in the actual capture and handling of belugas and other marine mammals in the past 10 years of satellite telemetry studies. This human resource should be maintained and further developed to provide expertise to researchers and other interested parties in the future. Training programs could be implemented, including apprenticeships in aquaria and courses on animal husbandry, tag application procedures, and basic medical techniques such as blood and tissue sampling.
The future of research on Arctic wildlife lies largely in the increasing participation of the full-time residents of these regions. Current demographic and economic factors, combined with traditional cultural values and conservation ethics, are finally beginning to be significant in shaping the management of renewable resources in the Arctic.
DEDICATION
Titus Taktuk Allen, February 17, 1947 -February 21, 1997 This manuscript is dedicated to the memory of the late Titus Taktuk Allen, formerly of Aklavik, Northwest Territories, Canada. Titus was a well-known and very much respected beluga whale hunter; a dedicated Beluga Harvest Monitor and proficient whale sampler; the harpooner on the Aklavik Hunters and Trappers Committee's (HTC) bowhead whale hunt in 1991; and the Captain of the HTC's successful bowhead hunt in 1996. Titus served as a director on the Inuvialuit Game Council and as a director of the Aklavik HTC, and he was involved in joint management initiatives on beluga whales with Alaskan Inupiat. He was a beloved father, husband, grandfather, colleague, and friend.
